Safwan-Zubair area is located in the south -west part of Basrah Province in the south of Iraq, this area is involved within the Dibdibba plain which is considered as a part of Iraqi Western Desert. Dibdibba formation consists mainly from sand and gravel with some cementing materials like silt and clay, especially in the west of Zubair area. A linked simulation-optimization model for obtaining the optimum pumping rate of groundwater is presented in this paper.
unconfined aquifer and underlying aquifer [6] . Development of both conceptual and computational models for groundwater hydrology has started since the beginning of the twentieth century to the present day. Initially, computational models relied on analytical methods but there is now a greater use of numerical models. Real groundwater problems are frequently so complex that they can only be analyzed when simplified assumptions are introduced. Imaginations and experiences are required to identify the key process which must be included in conceptual models.
Development of groundwater resources requires answers to key questions such as:-1. What are the best locations of installing wells to develop this groundwater resource?
2. How much water can be extracted at these locations?
These two questions were answered by developing two models in the study area. The first model, a numerical model is applied for studying groundwater flow patterns. The second model is a combined simulation-optimization approach to quantify the water availability in the potential locations.
The objective of this research is to develop decision support tools for identifying optimal groundwater discharge to meet the future demands in the Safwan-Zubair area by using simulated annealing (SA) technique.
Description of Study Area
The study area is located in the south -west part of Basrah province in the south of Iraq, which located between The average annual rate of rainfall is 148 mm or less, while the evaporation rates are very high (reaches to 3500 mm).
Because no perennial river exists, groundwater is a major natural resource within the interested area. Safwan-Zubair area is involved within the Dibdibba plain which is considered as a part of Iraqi Western Desert. The topography is relatively flat with a gentle overall slope toward the Euphrates River to its north, and the Shatt Al-Arab River to its east and southeast. Natural ground surface elevations range from (17 to 23 m) above sea level. Dibdibba Formation sediments are generally known as being changed gradually from marine sediments into river sediments which are crumbs increased [in quantity and the size of granules changed from oldness into moderns, which does not have any index fossils [7] . It consists mainly from sand and gravel with some cementing materials like silt and clay, especially in the west of Zubair area [8] . The upper part of Dibdibba formation was divided into two hydrogeological units. The first one is unconfined aquifer (Quaternary in age) which contains brackish water, and its saturated thickness extended from (15 m) to (20 m). The second aquifer is semi-confined (Tertiary) which contains saline water and it is separating from the first one by hard clay bed called locally (Jojeb) [9] . The suggested model which is advocated to simulate the flow regime for the unconfined aquifer is fixed for one layer. It is assumed that the base of the aquifer is an impermeable boundary, i.e., the activity of the deeper aquifer is negligible.
Application of Numerical Model
Processing Modflow for Windows (PMWIN v.5) is selected to simulate the aquifer behavior being studied.
MODFLOW uses finite difference method to solve the groundwater flow mathematical model. Processing MODFLOW simulates groundwater flow in aquifer systems using the finite-difference method. In this method, an aquifer system is divided into rectangular blocks by a grid. The grid of block is organized by row index (I), column index (J), and layer index (K), and each block is commonly called a "cell." The spatial domain of the aquifer system in the study area was discretized using a square-centered grid. The grid consists of 80 columns and 80 rows. Where, the area of one cell is equal to (500 × 500m 2 ). The modeling is fixed for upper layer only (unconfined aquifer), it is assumed that the base of the upper aquifer is an impermeable boundary and heads do not vary in the vertical direction. In the present model, the northern, southern west and southern edges of the area almost parallel with the flow lines, therefore, these boundaries are represented as no flow boundaries. The eastern edge of the model area is considered as a constant head boundary because the canal of Shatt Al-Basrah River lies along this edge. The western boundary is modeled as head-dependent boundary to allow inflow to the modeled region at a rate proportional to the dead difference between the aquifer outside the simulated area and the model boundary. The hydraulic heads of groundwater in the study are necessary for calibrating the MODFLOW model. Thus, field work has been conducted to measure the hydraulic heads of groundwater. The field work was started on November/2013 and finished on October/2014. Thirteen monitoring wells were selected for measuring the groundwater hydraulic heads on monthly basis. The layout of these wells in model grid is shown in Figure ( 2) [10] . 
Application of Optimization Technique
The Modular Groundwater Optimizer (MGO) is a general-purpose simulation optimization code developed for field scale applications [11] . This modular is used in this research. In the proposed model, MODFLOW packages are used to simulate the flow in the groundwater system. This model is then integrated with an optimization model which is based on the simulated annealing (SA) technique; SA comes from an analogy between the physical annealing process of solids and optimization problems. Physical annealing is a process of attaining low energy states of a solid by initially melting the substance, and then lowering the temperature slowly, in such a way that the temperature remains close to the freezing point for a long period of time. At the end of the annealing process, the solid reaches its crystal state. In optimization, the objective function represents the energy in the thermodynamic process, while the optimal solution corresponds to the crystal state. The objective function is presented in equation (1) . There are 350 pumping wells (actual number of wells in the study area), whose locations are shown in Figure (3) . The objective function and constraints can be formulated as follow:
Subject to
Where:
Equation (1), the objective function (J) is expressed in terms of the absolute pumping rates multiplied by ∆t, the length of stress period in the flow model.
Equation (2), is head limited constraint requiring that the hydraulic head at any monitoring well location, h m , must be above h min and below h max , where:
Where h i is the initial hydraulic head. In equations (2a) and (2b), set the value of 0.2 m based on the groundwater levels change in the study area for the observation period (one year), there is no significant change in the hydraulic heads of groundwater during the period of observation, and to take a value is more realistic correspond with the changing reality of these hydraulic heads and away from excess of the water. Equation (3) Table 2 . Distribution of hydraulic heads based on the optimized pumping rates
Conclusions
Two-dimensional mathematical model is presented for Safawn-Zubair area, south of Iraq. The modeling is fixed for upper layer only (unconfined aquifer), it is assumed that the base of the upper aquifer is an impermeable boundary and heads do not vary in the vertical direction. The calibrated values of hydraulic conductivity vary over the range /year. The number of active wells in optimal solution is 312 wells, so many wells in the study area that occupy incorrect positions, which are affected on the process of pumping groundwater.
